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METHOD AND APPARATUS FOR RECEIVER DETECTION 
ON A PCI-EXPRESS BUS 

Cross Reference to Related Applications 

5 This application claims the benefit of United States Provisional Application 

Number 60/520,917, filed November 18, 2003. 



Field of the Invention 

The present invention relates generally to receiver detection techniques and, more 
10 particularly, to methods and apparatus for detecting a receiver on a Peripheral Component 
Interconnect Express link system. 



Background of the Invention 

The Peripheral Component Interconnect (PCI) specification (downloadable from 
15 www.pci-sig.com) defines how one or more peripheral devices can communicate with a 
computing device ] over a serial input/output bus link. The serial link can be within a single 
computing device or can link one or more computing devices and peripheral devices. The 
original PCI specification defines a 32-bit PCI bus that operates at 33 MHz with a peak 
throughput of 132 Megabytes/second. Until recently, the performance of the original PCI 
20 specification was adequate for most applications. As the processing rates of commercially 
available processors have increased, the processing capacity of the processors to process data 
eventually exceeded the capacity of the PCI bus to deliver data. Thus, recent processors can 
process data faster than the PCI bus can deliver the data to processor. 

An updated version of the PCI specification, referred to as PCI Express, proposes 
25 to improve the computer performance by increasing the flow of data between a processor and 
various peripheral devices, such as network cards, printers and storage disks. Rather than 
transmitting data on a parallel bus, which limits the maximum transmitting speed, PCI-Express 
uses high speed serial lanes at 2.5Gbit/second or higher to transmit the data. When multiple 
lanes are used, e.g., 32 lanes, the maximum speed can be up to 80Gbit/second. 
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In addition, PCI-Express includes a number of new features that are said to 
improve reliability, timing and scalability of the bus. For example, the PCI-Express standard 
requires that transmitters support a "receiver detect" function that allows a transmitter to 
determine whether there is a receiver present at the far end of a communication link. A need 
5 therefore exists for a receiver detection circuit that may be employed by a transmitter that 
communicates over a PCI-Express bus. 

Summary of the Invention 

Generally, a method and apparatus are provided for detecting a receiver over a 
10 PCI-Express bus. A receiver is detected on a PCI-Express link by adjusting a common mode 
voltage using a current injected into one or more transmitter output nodes and detecting whether 
a receiver is present based on a voltage change rate. The current can be injected, for example, by 
a charge pump under control of an amplitude control circuit. In various embodiments, the charge 
pump can be integrated with a CML transmit buffer or an H-bridge type of transmit buffer. 
15 The amplitude control circuit optionally compares the adjusted common mode 

voltage to one or more predefined voltages and can maintain the adjusted common mode voltage 
between two predefined voltages. The amplitude control circuit provides a signal to the charge 
pump to control the current injected into the transmitter output nodes. The amplitude control 
circuit also provides a signal to an exemplary timer. The timer measures the change rate of the 
20 common mode voltage to determine whether a receiver is present and optionally generates a 
detection output flag indicating whether a receiver is present. 

A more complete understanding of the present invention, as well as further 
features and advantages of the present invention, will be obtained by reference to the following 
detailed description and drawings. 

25 

Brief Description of the Drawings 

FIG. 1A is a schematic block diagram of a transmitter and receiver 
communicating over a PCI-Express link; 

FIG. IB is a schematic block diagram of the transmitter and receiver of FIG. 1A 
30 when the receiver is not connected to the PCI-Express link; 
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FIG. 2 is a schematic block diagram of a transmitter incorporating features of the 
present invention; 

FIG. 3 is a schematic block diagram illustrating an exemplary amplitude control 
circuit of FIG. 2 in further detail; 
5 FIG. 4 is a schematic block diagram illustrating an exemplary charge pump of 

FIG. 2 in further detail; 

FIG. 5 illustrates the common mode voltage and UP control signal for the receiver 
detection circuit of FIG. 2; 

FIG. 6 is a schematic block diagram illustrating an alternate charge pump that may 
10 be employed when a current mode logic (CML) transmit buffer is used in the transmitter; and 

FIG. 7 is a schematic block diagram illustrating an alternate charge pump that may 
be employed when an H-bridge type of transmit buffer is used. 

Detailed Description 

15 The present invention provides a receiver detection circuit 250, discussed further 

below in conjunction with FIG. 2, for use by a transmitter 110 that communicates over a PCI- 
Express link 150. FIG. 1A is a schematic block diagram of a transmitter 110 and receiver 170 
communicating over a differential transmission line 150. AC coupling between the transmitter 
110 and receiver 170 is used through the coupling capacitor 160. As shown in FIG. 1A, the 

20 transmitter 110 includes a pair of resistors 115, 120 between the differential transmission line 
150 and ground. Similarly, the receiver 170 includes a pair of resistors 175, 180 between the 
differential transmission line 150 and ground. The resistors 115, 120, 175, 180 terminate the 
differential transmission line 150 to avoid reflections at higher speeds. The resistors 115, 120, 
175, 180 typically have resistance values on the order of 50 Ohms. 

25 The present invention recognizes that when the receiver 170 is present and 

connected to the transmission line 150, a large AC coupling capacitor 160 connected to the 
ground via the receiver termination resistors 175, 180 will act as a load to the transmitter 110. If 
a voltage step change is applied at the node Vx, the voltage at out+ and out- will follow the Vx 
changes. The voltage change rates at the output, out+ and out-, of the transmitter 110, however, 

30 is determined by a time constant approximately equal to X*C ac ,coupiing 5 where X is the output 
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impedance of the transmitter 110 (i.e., the value of the termination resistors 115, 120 in Ohms) 

and Caccoupiing is value of the AC coupling capacitor 160 in Farads. 

When the receiver is not present, as shown in FIG. IB, the termination resistors 

175, 180 of the receiver 170 will not be present and the load seen by the transmitter 110 will only 
5 be the parasitic capacitor associated with the nodes out+ and out-, referred to as the pad 

capacitance, C PA d 165. The voltage change rate at the output, out+ and out-, of the transmitter 

1 10 is determined by a time constant X* C PA d- 

As the capacitance of the AC coupling capacitor 160 is much larger than the 

capacitance of the pad capacitor 165, a significant and measurable voltage change rate difference 
10 will be observed depending on whether a receiver 170 is present. According to one aspect of the 

present invention, the period of the output of the transmitter 110, referred to as the voltage 

change rate, is used to determine whether a receiver 170 is present on the PCI-Express link 150. 

As the link 150 is AC coupled with a large AC coupling capacitor 160 and the receiver 170 

(when present) is terminated with 50 Ohm resistors 175, 180, a receiver detection circuit in 
15 accordance with the present invention detects whether a receiver 170 is present by measuring the 

voltage change rate of the transmitter 110. 

FIG. 2 is a schematic block diagram of a transmitter 200 incorporating features of 

the present invention. As shown in FIG. 2, the transmitter 200 includes a receiver detection 

circuit 250. Generally, the receiver detection circuit 250 detects whether a receiver (not shown) 
20 is present by measuring the voltage change rate at the transmitter 200. In one exemplary 

implementation, the receiver detection circuit 250 changes the output common voltage, V x , of the 

transmitter 200 and detects the voltage change rate at the transmitter output nodes, out+ and out-. 

As previously indicated, if a receiver is present, the voltage change rate is approximately 

determined by the time constant X*C ac ,coupiing. Likewise, if a receiver is not present, the voltage 
25 change rate is approximately determined by the time constant X* C PA d- The receiver detection 

circuit 250 compares the measured voltage change rate to a threshold to determine whether a 

receiver is present. 

In one exemplary implementation, shown in FIG. 2, the receiver detection circuit 
250 employs a charge pump 240, discussed further below in conjunction with FIG. 4, associated 
30 with an amplitude control circuit 230, discussed further below in conjunction with FIG. 3, to vary 
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the output common mode (CM) voltage of the transmitter 200. Generally, the receiver detection 
circuit 250 works as a relaxation oscillator. The charge pump 240 injects current into the output 
nodes, out+ and out-, of the transmitter 200 and thereby changes the common mode (CM) 
voltage of the transmitter 200. A common mode detection circuit 205 measures the output CM 
5 voltage of the transmitter 200. As shown in FIG. 2, the common mode detection circuit 205 is 
implemented as two resistors 210, 220 connected in series between the transmitter output node, 
out+ and out-. The value of the resistors 210, 220 is large compared to the termination resistors 
115, 120 of the transmitter 200. 

As discussed further below in conjunction with FIG. 3, the amplitude control 

10 circuit 230 compares the measured CM voltage, V cm , of the transmitter 200 to predefined 
voltages Vrefl and Vref2, and ensures that the CM voltage change introduced by the charge 
pump 240 is between Vrefl and Vref2. A timer 245 measures the change rate of the CM voltage, 
V cm , to determine whether a receiver is present. The timer 245 generates a detection output flag 
indicating whether a receiver is present. For example, the timer 245 can generate a flag having a 

15 binary value of one to indicate that a receiver is present or having a binary value of zero to 
indicate that a receiver is not present. The timer 245 is driven by a clock signal. 

FIG. 3 is a schematic block diagram illustrating an exemplary amplitude control 
circuit 230 of FIG. 2 in further detail. As shown in FIG. 3, the amplitude control circuit 230 
includes a pair of voltage comparators 310, 320, a pair of nand gates 330, 340 having inverted 

20 outputs and an inverter 350. In operation, when starting the receiver detection process, the 
transmit buffer 270 (FIG. 2) is turned off and the transmitter 200 is in a high CM output 
impedance mode. If the measured CM voltage, V cm , of the transmitter 200 is greater than the 
voltage Vref2 (Vcm > Vref2), the down control signal, DN, is enabled and the up control signal, 
UP, is disabled. As a result, the charge pump 240 will change the voltage at out+/out- (FIG. 2) 

25 towards Vrefl . 

If the measured CM voltage, V cm , of the transmitter 200 is less than the voltage 
Vrefl (Vcm < Vrefl), the down control signal, DN, is disabled and the up control signal, UP, is 
enabled. As a result, the charge pump 240 will change the voltage at out+/out- (FIG. 2) towards 
Vref2. 
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FIG. 4 is a schematic block diagram illustrating an exemplary charge pump 240 of 
FIG. 2 in further detail. As shown in FIG. 4, the charge pump 240 includes four two PMOS 
transistors 410, 430 and two NMOS transistor 420, 440 and two current sources 450, 460. The 
transistors 410, 430, 420, 440 are connected to the UP and DN control signals, respectively, 
5 generated by the amplitude control circuit 230 of FIG. 3. The up current source 450 is active 
when the UP control signal is enabled by the amplitude control circuit 230 (i.e., when Vcm < 
Vrefl). When the up current source 450 is active, the charge pump 240 will change the voltage 
at out+/out- towards Vref2. Likewise, the down current source 460 is active when the DN 
control signal is enabled by the amplitude control circuit 230 (i.e., when Vcm > Vref2). When 
10 the down current source 460 is active, the charge pump 240 will change the voltage at out+/out- 
to wards Vrefl. 

FIG. 5 illustrates the common mode voltage, Vcm, (Vout+/Vout-) 510 and the UP 
control signal 520. As shown in FIG. 5, the common mode voltage, Vcm, is maintained between 
Vrefl and Vref2 by selective application of the UP and DN control signals, in the manner 

15 described above. As previously indicated, the timer 245 (FIG. 2) measures a change rate of the 
CM voltage, V cm , to determine whether a receiver is present. The timer 245 measures the Vcm 
change rate by measuring the period, t, of the UP or DN control signal. The period, t, is inversely 
proportional to the Vcm change rate. If the period, t, exceeds a certain threshold (the threshold is 
dependent on the actual value of the PAD capacitor, C PA d, 165 and AC coupling capacitor 160 

20 used), the output of the timer 245 will be set to a binary value of one to indicate the presence of 
the receiver. If the period, t, is smaller than the threshold, the output of the timer 245 will be set 
to a binary value of zero to indicate that a receiver is not present. 

FIG. 6 is a schematic block diagram illustrating an alternate charge pump that may 
be employed when a current mode logic (CML) transmit buffer 270 is used. The circuit 600 

25 includes a charge pump incorporated with the CML buffer. CML buffers are often used in high 
speed buffer design. The charge pump shown in FIG. 6 aims to share existing transistors in the 
CML buffer 270 in order to minimize the parasitic capacitance. The charge pump 240 discussed 
above in conjunction with FIG. 4, can be simplified with a CML buffer. 

As shown in FIG. 6, the CML buffer 610 is controlled by a first switch SI that can 

30 be in an open position in a receiver detection mode and in a closed position in a data mode. In 
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addition, the integrated circuit 600 includes a second switch S2 that determines whether an up 
current source, Iup, 620 is included in the circuit 600. The second switch S2 is in an open 
position in a data mode and in a closed position in a receiver detection mode. 

The gate control signal of transistors Ml and M2 are controlled by two 
5 multiplexers 630, 640. When in a receiver detection mode, the two multiplexers 630, 640 are 
configured such that the output signals A, B have the same value as the down control signal, DN. 
In a data transmission mode, the two multiplexers 630, 640 are configured such that the output 
signals A, B have the same value as the respective data signals, Data_P and Data_N. The current 
source Iss can be made programmable so that in the receiver detection mode, Iss is equal to Iup. 

10 The output common mode voltage, Vcm, is directly sensed at node Vcm- 

FIG. 7 is a schematic block diagram illustrating an alternate charge pump that may 
be employed when an H-bridge type of transmit buffer 710 is used. The circuit 700 includes a 
charge pump incorporated with the H-bridge type buffer 710. The H-bridge buffer 710 includes 
four transistors M1-M4 and can be configured as a charge pump in a receiver detection mode. As 

15 shown in FIG. 7, four multiplexers 720, 730, 740, 750 are used to select UP/DN signals (from the 
amplitude control circuit 230) in the receiver detection mode or select DATA inputs in a normal 
transmission mode as the input. The current sources Ii and 12 can be set to a different value in 
the receiver detection mode in accordance with the UP and DN control signals, in a similar 
manner to the current sources Iup and I D n of FIG. 2. The CM voltage, V C m> can be sensed 

20 directly at the middle point of two termination resistors Rl and R2, as shown in FIG. 7. The 
receiver detection control process may be performed in the manner described above in 
conjunction with FIG. 2. 

It is to be understood that the embodiments and variations shown and described 
herein are merely illustrative of the principles of this invention and that various modifications 

25 may be implemented by those skilled in the art without departing from the scope and spirit of the 
invention. 
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